Background: Redo coronary artery bypass grafting (CABG) is still associated with increased morbidity and mortality as compared to the first-time operation. Further, the application of the off-pump technique to redo CABG is limited due to technical difficulties. The aim of this retrospective study was to analyze early and midterm results after redo CABG and compare the outcome of redo on-pump and off-pump CABG. Methods: From June 1996 to October 2011, elective redo CABG was performed in 32 patients. Mean age was 64.8 years (on pump 64.3 years vs. off pump 65.5 years; p=0.658), and 21 patients were male. Among these patients, 14 (43.8%) underwent on-pump CABG, and 18 (56.2%) underwent off-pump CABG. Results: Internal thoracic artery was used in 22 patients (68.8%), and total arterial revascularization was achieved in 17 patients (53.1%). The average number of distal anastomoses was 2.13, and the rate of incomplete revascularization was 43.8%. The rate of total arterial revascularization was higher in the off-pump group (14.3% vs. 83.3%, p＜0.001), and the use of saphenous vein graft was more in the on-pump group (78.6% vs. 16.7%, p＜0.001). Overall hospital mortality was 3.1% (n=1) and was comparable in both groups (on pump 7.1% vs. off pump 0%; p=0.249). Postoperative complications occurred in 9 patients (64.2%), and the rate of complications was high in the on-pump group without statistical significance (64.2% vs. 33.3%, p=0.082). The mean follow-up duration was 5.4 years, and overall survival at 10 years was 86.0%±10.5%. There was no significant difference in the 10-year survival rate between the two groups (79.6% vs. 100%, p=0.225). Conclusion: Redo CABG can be safely performed with acceptable mortality. Redo off-pump coronary artery bypass is feasible with low mortality and morbidity, comparable target vessel bypass grafting, and long-term survival. The off-pump technique might be considered a safe option for redo CABG in high-risk patients.
INTRODUCTION
The use of reoperative coronary artery bypass grafting (CABG) steadily increased during the two decades of 1980 and 1990. Since the early 2000s, however, the prevalence of redo CABG has reached a plateau as the time interval between the first operation and the reoperation has lengthened. This was mainly due to the higher patency of saphenous vein grafts owing to the routine postoperative use of aspirin and statins and wide use of left internal thoracic artery (ITA) [1] .
In various studies, perioperative mortality of redo CABG remains markedly high, ranging from 3.4% to 12.5%, compared Yu Rim Shin, et al Values are presented as mean±standard deviation or number (%).
with that of the first-time CABG [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . To overcome the technical difficulty and to lower the mortality rate of redo CABG, surgical techniques have evolved such as minimizing the dissection before bypass, routine use of femoral vessels for cannulation, use of antegrade and retrograde blood cardioplegia, and performance of all vascular anastomoses under a single aortic cross clamp. This has led to a slight improvement in the surgical outcome in on-pump CABG, but the suboptimal mortality and morbidity rates still remain a challenge.
Complex difficulties of reoperative CABG lead to a poorer outcome than those of first-time CABG. The patients undergoing redo CABG are older with more comorbidity, left ventricular dysfunction, and myocardial infarction. Redo CABG poses problems on the approach for re-entry, potential for cardiac and conduit injury during dissection, availability of conduit, management of patent grafts, myocardial protection, and use of blood products [2] . To overcome the aforementioned problems and difficulties, off-pump CABG could be an alternative method. Clarifying the feasibility of the off-pump technique in redo CABG seems to be important. Therefore, the aim of this retrospective study was to analyze early and midterm results after redo CABG and compare the outcome of redoing the procedure on pump and off pump. The patients who underwent on-pump CABG and off-pump CABG had similar demographics and preoperative cardiac function. There was no significant difference in the preoperative risk factors except the presence of peripheral artery obstructive disease (on pump 0% vs. off pump 24.3%; p ＜0.001) between the two groups ( Table 2 ). The mean follow-up duration was 6.1±5.1 years in the on-pump group and 3.8±2.8 years in the off-pump group (Fig. 1) . Values are presented as mean±standard deviation or number (%). In case of using the saphenous vein graft, distal anastomosis was made at first, and the ITA was anastomosed last during rewarming.
METHODS

1) Patients' characteristics
2) Operative technique
3) Data collection and analysis
Preoperative and perioperative data were collected prospectively at Severance Cardiovascular Hospital in the cardiac research database. We compared the overall and annual mortality and morbidity of all the patients, and according to the surgical techniques. Patient follow-up was performed by patient interview in an outpatient clinic or by telephone.
Perioperative myocardial infarction was defined as a significant increase in creatine kinase (CK)-MB with the appearYu Rim Shin, et al Values are presented as number (%). 
RESULTS
1) Operative data
One of the patients underwent concomitant mitral valve an- The average number of distal anastomoses was 2.13±0.9.
The types of grafts used and the composition of grafts are described in Tables 3, 4 . Comparing the on-pump group and off-pump groups, we found that the number of distal anastomoses and the types of grafts used were similar. 
2) Postoperative outcome
There was one in-hospital death. The patient underwent on-pump CABG with concomitant valve surgery and died from the acute respiratory distress syndrome. The overall hospital mortality was 3.1% (n=1) and was comparable in both groups (on pump 7.1% vs. off pump 0%, p=0.249). Postoperative complications occurred in 12 patients, and the rate of complications was higher in the on-pump group without statRedo On-Pump vs. Off-Pump CABG − 229 − Values are presented as mean±standard deviation or number (%). Values are presented as mean±standard deviation or number (%). istical significance (64.2% vs. 33.3%, p=0.082) ( Table 6 ).
The length of the intensive care unit stay and the hospital stay did not differ between the on-pump and off-pump group (Table 5 ).
The mean follow-up duration was 5.4±4.1 years, and overall survival at 10 years was 86.0%±10.5%. Kaplan-Meier estimated survival at 5 and 10 years was 92.9%±6.9% and 79.61%±13.6% in the on-pump group, and 100% and 100% in off-pump group, respectively, and there was no significant difference in the 10-year survival rate in both groups (p=0.225) (Figs. 2, 3) .
DISCUSSION
Reoperative coronary artery bypass grafting has been known to be a firm predictor of increased mortality and morbidity in previous studies [13] . Reoperation per se carries additional risks including the issues of the second sternotomy and mediastinal dissection, and technical difficulties. In addition, comparatively higher age and impaired left ventricular function of the patients have been contributive [1] . Early mortality of reoperative CABG has been reported in a wide range from 1.8% to 16.7% [14] . Our study demonstrated Fig. 3 . Kaplan-Meier estimated survival at 5 and 10 years were 92.9%±6.9%, and 79.6.1%±13.6% in on-pump group, and 100% and 100% in off-pump group, and there was no significant difference in 10-year survival rate in both groups (p=0.225). CABG, coronary artery bypass graft.
30-day mortality of 3.1%, which is acceptable as compared to previous studies.
Mack [8] performed 86 redo off-pump coronary artery bypasses (OPCABs) among 87 patients who were planned on redo CABG on an 'intention to treat' basis. Only one patient had converted to on-pump CABG. Mishra and associates [9] performed 332 redo OPCABs among 538 patients, and the patients who underwent on-pump CABG had worse hemodynamic status, increased urgency, and worse quality of distal coronary target vessels. In contrast, Vohra et al. [3] did not consider small targets and intramyocardial vessels as contra-indications to the off-pump technique. Contrasting views on the feasibility of redo OPCAB are similar to those of the first-time OPCAB in the earlier days between the mid-1980s and the late 1990s. To clarify the feasibility of redo OPCAB, a comparison between the off-pump technique and the on-pump technique regarding the following issues is beneficial because the on-pump technique is the mainstay of redo CABG.
1) Completeness of revascularization
The ultimate goal of coronary bypass grafting is complete revascularization irrespective of the techniques used. Complete revascularization is associated with better long-term survival than incomplete revascularization. However, the definition of complete revascularization differs by surgeon or institution. In redo CABG, there is wide variation on the definition of complete revascularization giving consideration to particular issues such as senile vein grafts. This leads to the controversy on the optimal revascularization and diverse emphasis on complete revascularization [15] [16] [17] . The complete revascularization rate after redo OPCAB is lower than that of first-time CABG. There are few reports on the complete revascularization rate after redo CABG. Di Mauro et al. [1] reported a lower complete revascularization rate in redo CABG patients using either on-pump or off-pump techniques (on pump 59.8% and off pump 40.2%) as compared to first-time CABG (93.3% vs. 85.4%). The patients with incomplete revascularization showed higher incidence of cardiac-related death, acute myocardial infarction, and cardiac events.
Tugtekin et al. [12] reported a lower complete revascularization rate of 48.6% after off-pump CABG compared with 86.9% after on-pump CABG in reoperation. On the other hand, Mishra et al. [9] reported a rather high rate of complete revascularization after redo OPCAB (75%). Some others have reported similar complete revascularization rate of on-pump and off-pump techniques by propensity score matching [3, 6] . In our study, the incomplete revascularization rate was higher in the on-pump group than in the off-pump group, although there was no statistically significant difference. In conclusion, the complete revascularization rate after redo OPCAB seems to be comparable with that of on-pump redo CABG and is largely affected by myocardial function and the surgeon's experience.
2) Operative morbidity and mortality
Schutz et al. [6] reported preferable results for redo OPCAB in terms of platelet transfusion and the length of intensive care unit stay by comparing 20 patients from each group. There was no hospital death in either group. Trehan et al. [10] showed a mortality rate of 4% in redo OPCAB patients, and the others reported a mortality rate of 2.9% after redo OPCAB and 3.8% after redo on-pump CABG although there was no statistical significance [12] . Mishra et al. [9] showed a mortality rate of 3.3% after redo OPCAB and 5.5% after redo on-pump CABG without any significant difference.
However, in terms of the length of ventilator care and inRedo On-Pump vs. Off-Pump CABG − 231 − otropic use, the off-pump technique showed superior outcomes. Vohra et al. [3] also reported a lower mortality rate in patients undergoing redo OPCAB but did not reach the statistical difference (off pump 2.3% and on pump 6.9%).
Stamou et al. [7] reported a significantly lower mortality rate in the off-pump group than in the on-pump group (1% vs. 10%, p=0.03), and even better outcomes in terms of postoperative transfusion, incidence of atrial fibrillation, duration of ventilator care, and length of hospital stay. Di Mauro et al. [1] suggested the use of the off-pump technique in reoperative patients because the off-pump technique was associated with lower postoperative CK-MB level. The higher CK-MB level after CABG is known to have association with poor 5-year survival. As a result, the off-pump technique is associated with similar or rather lower operative mortality rate and morbidities, which was also demonstrated in our study.
3) Long-term survival
There is a lack of long-term data comparing two techniques in reoperative CABG. Vohra et al. [3] reported a 5-year survival rate of 95% after redo OPCAB and 87% after redo on-pump CABG (p=0.17), when the others reported 88.6% in the off-pump group and 83.8% in the on-pump group [12] .
Even though the data are limited, the long-term survival rates after redo CABG using the two techniques are similar to that of first-time CABG.
In redo cases, the off-pump technique showed acceptable outcomes compared with the on-pump technique with similar graft patency, 5-year survival rate, and lower morbidity and mortality rates. However, the complete revascularization rate of redo OPCAB was lower than that of redo on-pump CABG as in the case of first-time CABG. This can be overcome by using various surgical approaches. In the case of multi-vessel disease, for example, a hybrid technique can be considered when the lesion is located too posterior to approach or to visualize via a mid-sternotomy incision. Devices to avoid aortic clamping during proximal anastomosis can be used in some cases such as dense adhesion around the aorta or severe atherosclerosis. Furthermore, minimally invasive direct coronary artery bypass via antero-lateral thoracotomy can be the optimal surgical strategy when the lesion is confined to the LAD territory. In a circumflex system, the descending aorta can be used as the proximal anastomosis site under a postero-lateral thoracotomy incision.
4) Limitation of the study
This study is limited by its retrospective nature. The limitation of the present study includes a small number of patients, retrograde single-institution methodology, and different follow-up period and operation time of two groups.
5) Conclusions
In conclusion, redo CABG can be safely performed with acceptable mortality. The off-pump technique in the redo cases is feasible with low mortality and morbidity, and comparable target vessel bypass grafting, and long-term survival.
The off-pump technique might be considered a safe option for redo CABG in high-risk patients in highly experienced centers. A large-population study with a longer follow-up duration is needed to clarify the safety and effectiveness of off-pump redo CABG.
